A study to determine the prevalence of leptospira-induced abortions in the central Kentucky equine population during the 1990 foaling season and to determine the leptospira serovars responsible was conducted. From July 1, 1989 through June 30, 1990, 32 (4.4%) of 726 submissions (fetuses, stillborn foals, and/or placentas) were diagnosed as leptospirosis by the fluorescent antibody test and/or microscopic agglutination test. Attempts were made to isolate leptospires from the fetal tissues and/or the dam's urine in 31 of these cases. Leptospira interrogans serovar kennewicki was isolated from 11 (35.5%) and serovar grippotyphosa from 2 (6.5%) of the 31 cases. Of 12 cases that were culture negative with serologically positive fetal fluids, 8 had titers against serovar pomona, 1 against bratislava, 1 against grippotyphosa, 1 against hardjo, and 1 against both bratislava and pomona.
Leptospira infection has been confirmed as the causative agent in cases of abortion, stillbirth, and neonatal death in horses. 10, [15] [16] [17] [18] Very few extensive studies concerning the prevalence of leptospirosis and the serovars of leptospira involved in equine populations have been done. In a study in Northern Ireland, leptospira infection was demonstrated in 24 of 50 aborted or stillborn equine fetuses and in 5 of 6 dead neonates. 6 Six serovars representing 5 leptospira serogroups were isolated and identified, and 3 isolates from serogroup Icterohaemorrhagiae were isolated but not typed to serovar level. In a survey in Ontario, Canada, leptospires were identified in 1 of 52 aborted equine fetuses, and the isolate was identified as Leptospira interrogans serovar kennewicki. 10 In central Kentucky during the 1989 foaling season, leptospira infections were demonstrated in 15 of 594 abortion, stillborn, or neonatal cases. 3 Leptospires isolated from 2 of these cases were identified as L. interrogans serovar kennewicki. The purposes of this study were to determine the prevalence of leptospira-induced abortions/stillbirths in the equine population of central Kentucky during the 1990 foaling season and to determine the serovars of leptospira involved.
Materials and methods
Materials. Specimens from all equine abortion, stillborn, and neonatal cases (up to 24 hr old) submitted to the Livestock Disease Diagnostic Center from July 1, 1989 through June 30, 1990 were used. Placenta, kidney, and/or liver, depending on their availability, were examined by a fluorescent antibody test (FAT) for leptospires. If placenta and fetus or stillborn foal were submitted, the placenta and kidney were tested. Kidney and liver were tested if placenta was not submitted. Heart blood, thoracic or peritoneal fluid (body fluid), or pericardial fluid were tested serologically when available. Attempts were made to culture leptospires from the liver and kidney of all cases that were FAT positive or suspicious and/ or serologically positive. Stomach content was also cultured if leptospires were seen in a darkfield examination. Portions of the kidney and liver were held at 4 C until any positive result was obtained. The practicing veterinarian was requested to submit urine (1 ml in 10 ml of 1% bovine serum albumin a containing 200 µg/ml 5-fluorouracil b [BSA], which was supplied by this laboratory) and a serum sample from the mare of all positive or suspect cases. If received, the urine was cultured for leptospires and the serum was tested serologically for antibodies against leptospira.
FAT procedure. Using the conjugate provided, c the following modifications were made to the methods previously described. 12 Tissue impressions were applied directly to the glass slide, and after staining the slides were examined using a 200-watt mercury bulb at a magnification of 950x. After February 2, 1990, the slides were examined using a 100-watt mercury bulb at a magnification of 400x. If only numerous short brightly fluorescent particles without typical leptospira morphology were seen, the specimen was recorded as suspicious for leptospira. 12 Serologic examination. Fetal fluids and maternal sera were tested for leptospira antibodies by the microscopic aggluti- nation test (MAT). 13 The antigens used were L. interrogans identified with a previously described restriction endonucleserovars pomona, copenhageni (representative of the Ictero-ase analysis technique. 11 The DNA of the serovar kennewicki haemorrhagiae group), canicola, grippotyphosa, hardjo, and isolates was digested with restriction endonucleases HhaI bratislava. All fluids or sera that reacted with any antigen at and BglII e in equal combination. The DNA of the grippoa 1:100 screening dilution were titrated in serial 2-fold di-typhosa isolates was digested with HhaI. Restriction patterns lutions from 1:100 to 1:3,276,800 against all reacting anti-of isolates were compared with those of reference serovars gens.
for identification. Leptospira culture. Approximately 1 g of kidney or liver Histopathologic examination. Kidney and/or placenta were was ground d or 1 ml of stomach content or urine was added collected from all cases, fixed in 10% buffered formalin, emto 10 ml of BSA, and 3 serial 10-fold dilutions were prepared bedded in paraffin, and sectioned. Sections from all FATin BSA. From each BSA suspension, 0.5 ml was inoculated positive or -suspicious and/or MAT-positive cases were into 1 tube containing 4.5 ml of leptospira medium 5 x a stained by the Warthin-Starry method for spirochetes. semisolid medium containing 200 µg/ml 5-fluorouracil. These Other microbiology. All placenta, lung, liver, and stomach tubes were held in the dark at room temperature and ex-contents were cultured for aerobic bacteria, and all stomach amined by darkfield microscopy every 2-3 wk for leptospires. contents were examined for leptospires and other bacteria The tubes were held 4 mo before being recorded as negative. by darkfield microscopy. Fungus isolation was attempted on Identification of isolates. The leptospira isolates were selected placentas. All cases were tested for equine herpes- 
Results
Thirty-two (4.4%) of the 726 cases tested were diagnosed as leptospirosis by FAT and/or MAT (Table  1 ) and by the demonstration of spirochetes in the tissue with the Warthin-Starry stain. The gestation age of the affected fetuses ranged from 180 days to full term, except for 1 fetus (case 1, Table 1 ) that was 107 days. Twenty-eight (88%) of the 32 abortions occurred in November and December ( 1, 2 ). The abortions occurred on 25 farms. One farm had 3 mares that aborted (cases 5, 7, and 19), 5 farms had 2 mares that aborted (cases 9 and 13, 15 and 21, 22 and 25, 23 and 31, 24 and 29), and 19 farms had 1 mare that aborted.
Of the 32 cases diagnosed as leptospirosis, 30 (94%) were positive, 1 (3%) was suspicious, and 1 (3%) was negative by FAT. Five other cases were suspicious by FAT but were not diagnosed as leptospirosis based on the results of the MAT on fetal fluid and mare's serum, culture of fetal tissues, and silver stain of kidney and/ or placenta.
Fetal fluid was obtained from 30 of the 32 cases, and 21 (70%) were positive against 1 (18 of 21) or more (3 of 21) of the leptospira antigens by MAT (Table 1) . Of these 21 fluids, 14 (67%) were positive against pomona, 2 (9.5%) against grippotyphosa, 1 (5%) against bratislava, 1 (5%) against hardjo, 2 (9.5%) against pomona and bratislava, and 1 (5%) against pomona, bratislava, and copenhageni. Sera were obtained from mares involved in 26 of the 32 cases. All had MAT titers against 2 or more serovars ( Table 2) .
Kidney and liver from 27 of the 32 fetuses and urine from 16 of the 32 mares that aborted were cultured for leptospires. Leptospires were isolated from 11 (4 1%) of the 27 fetuses and from the urine of 5 (3 1%) of the 16 mares (Table 1) . The duration of time the tissues were held before being cultured ranged from the same day to 7 days (Table 3) . For 4 cases, the kidney and liver were both culture positive; but for 7 cases, leptospires were isolated only from the kidney (Table 3) . A urine sample was collected from the mare 2-28 days after the abortion. The 5 culture-positive samples were collected on days 4, 6, 8, 8, and 25 postabortion (cases 32, 7, 5, 28, and 9, respectively, in Tables 1 and 2) .
Darkfield examinations were done on the stomach content from 29 fetuses and on the urine of 16 mares. Three (10%) of the stomach contents and 1 (6%) of the urine samples contained spirochetes with typical leptospira motility, and leptospires were isolated from these 4 fluids (stomach content of cases 7, 11, and 20 and urine from case 32; Table 1 ).
Leptospires isolated from the 13 culture-positive cases were identified by restriction endonuclease analysis. Leptospira interrogans serogroup Pomona serovar kennewicki was isolated from 11 (85%) cases and L. interrogans serovar grippotyphosa was isolated from 2 (15%) cases ( Table 1 ). If leptospires were recovered from both the fetal tissue and the dam's urine (cases 5, 7, and 18; Table 1 ), representative cultures from each were analyzed. The paired cultures were always the same serovar.
Spirochetes were demonstrated with the Warthin-Starry stain in the kidney and/or placenta of all 32 positive cases. Spirochetes were not seen in 5 cases that were suspicious by FAT but negative (fetal fluid and dam's serum) by MAT. None of the cases negative by FAT and MAT were examined for spirochetes with the Warthin-Starry stain.
No viruses were detected or isolated from any of the 32 positive leptospira cases. Bacteria of possible significance were isolated from 5 cases (cases 1, 23, 24, 25, and 26; Table 1 ). Escherichia coli and Streptococcus zooepidemicus were isolated from the lung and liver of case 1; Klebsiella pneumoniae from lung, stomach content, and placenta and S. zooepidemicus from stomach content and placenta of case 23; E. coli from lung, liver, stomach content, and placenta of case 24; E. coli and S. zooepidemicus from lung, liver, stomach content, and placenta of case 25; and E. coli from lung and liver of case 26.
Discussion
For the 1990 foaling season, the prevalence of leptospira-induced abortions in the horse population of central Kentucky was 4.4% (32/726), almost double the prevalence for the 1989 foaling season, which was 2.5% (15/594). 3 Of the 25 farms with mares with leptospira-induced abortions, 1 farm had 3 mares and 5 farms had 2 mares that aborted. Of these 25 farms, Table 3 . Results of culture (by case number; see Tables 1, 2) for leptospires by length of time between abortion and tissue culture. none were the same as any of the 14 farms with mares with leptospira-induced abortions during the 1989 foaling season, 3 indicating that the disease was not carried over from 1 year to the next. Except for case 1 (107 days gestation), the maturity of the infected fetuses ranged from 6 months gestation to term, which agrees with previous reports. 3, 6, 18 Twenty-eight of 32 (88%) of the leptospira-induced abortions occurred in November and December, and they accounted for 25% (28/113) of the equine abortion cases received in those months. For January-May, when most (52 1) of the equine abortion cases were received, only 2 (0.4%) were diagnosed as leptospirosis. The reason for the high prevalence in November and December was unknown; however, climatic conditions, horse management practices, or the behavior of feral animals might have had a role.
The serovar of L. interrogans responsible for the abortion was confirmed by the identification of isolates cultured from fetal tissue and/or the dam's urine in 13 of the 32 cases. Eleven of the abortions were caused by L. interrogans serogroup Pomona serovar kennewicki. Ten additional cases were believed to have been caused by leptospires from the Pomona serogroup because of the high titers detected against pomona in the fetal fluids (8 of 10) and/or the dams' sera (10 of 10). However, these cases were not confirmed by culture. These findings were not surprising because most of the equine abortion studies reported serogroup Pomona (kennewicki) as a cause of abortion. 3, 5, 6, 9, 10, 15, 16, 18 Cases 10 and 32 were confirmed by culture as abortions due to infection by L. interrogans serovar grippotyphosa. A third abortion (case 15) was thought to be a result of infection by leptospires in the Grippotyphosa serogroup because the fetal fluid and dam's serum had titers against grippotyphosa. This is the first report of serovar grippotyphosa confirmed as the cause of an abortion in horses. However, during the 1989 foaling season, 2 mares from 1 farm in central Ken-tucky were believed to have aborted due to infection by leptospires of the Grippotyphosa serogroup because of the high titers found against grippotyphosa in the fetal fluids and mares' sera. 3 Case 16 was believed to have been a result of infection by serogroup Sejroe because of the titers against serovar hardjo, a member of the Sejroe serogroup, detected in the fetal fluid and dam's serum. Cattle are the known host of serovar hardjo. 2 Approximately 50 cows with calves were present on this farm in adjoining fields, and an unknown number of steers were kept in the same pasture immediately preceding the introduction of the affected mare. The status of leptospira infection in the cattle was unknown. However, 2 cows had undiagnosed abortions, and the cattle may have been the source of infection for this mare.
Serovar bratislava was incriminated as the cause of abortion in case 1 because of the high titers found against bratislava in the fetal fluid and dam's serum. The epidemiology of bratislava is not known, 6 but strains of this serovar have been recovered from dogs 14 and pig 1, 8 in the United States and from horses in Northern Ireland. [5] [6] [7] A high prevalence of antibodies against bratislava and the isolation of bratislava from the kidney of 7 of 91 adult horses indicated that horses may be the maintenance host for serovar bratislava in Northern Ireland. 7 In Ontario, Canada, 52% of the horses over 7 years old had titers against bratislava, but bratislava appeared to be unimportant as a cause of abortion. 10 In the present study, sera from 21 of 26 affected mares had titers ≥ 3,200 against serovar bratislava, and for 8 mares, the highest titer detected was against bratislava. Serovar kennewicki was recovered from 5 of these 8 cases, suggesting that these mares were previously exposed to bratislava and that infection by serovar kennewicki stimulated titers against bratislava or that the mares were infected with both serovars. Serovar bratislava is extremely fastidious 1,8 and would probably not grow in the medium used in this study.
For cases 6, 12, 17, 18, 22, and 26, no speculation could be made concerning the serovar involved. Culture attempts were negative, fetal serology was negative or inconclusive, and the mare's serum was not received or the mare's serology was inconclusive. Serum from the mares of cases 6 and 18 did have high titers against both serovar pomona and bratislava.
In this study, fetal kidney yielded a much higher rate of positive leptospira cultures than did fetal liver; 11 of 27 versus 4 of 27. The success of a positive leptospira culture was much greater if the tissue were cultured the same day or the day following the abortion; 5 of 5 cases were positive. However, contrary to previous recommendations 2 the culture of tissues stored under refrigeration for up to 5 days was sometimes successful.
Leptospires were occasionally seen in a darkfield examination of the stomach content (3 of 29) or urine (1 of 16). If seen in these fluids, culture was always successful. In this study, the stomach content was not cultured if the darkfield examination was negative for leptospires. Attempts to culture leptospires from the urine of aborting mares were worthwhile. Five of the 16 urine samples submitted yielded positive leptospira cultures, and leptospires were isolated only from the mare's urine of case 9 (fetal tissue not cultured; eaten by scavengers) and case 32 (fetal tissues were culture negative). The isolation of leptospires from the urine of the mare in case 9 also demonstrated that mares experiencing a leptospira-induced abortion are a potential source of infection for a least 25 days postabortion.
